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ABSTRACT 


The  second  order  approximation  for  the  estimation  of  standard 
enthalpy  of  formation,  entropy  of  formation  and  heat  capacity  of  molecules 
by  summation  of  atomic  contributions  with  nearest  neighbour  interactions  has 
been  incorporated  into  a  Fortran  77  computer  programme  which  currently 
executes  on  the  IBM  F  /XT  and  VAX  11/780  computers.  The  data  base  for  the 
programme  also  includes  group  corrections  for  next-to-nearest  neighbor 
interactions  and  corrections  for  ring  compounds.  The  programme  prompts  for 
the  required  input,  including  the  symmetry  and  optical  isomers  of  the 
molecule,  in  an  interactive  manner  and  allows  re-entry  and  correction  of  the 

data  after  input  from  a  computer  terminal.  _ _ 
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THERMODYNAMIC  VALUES  FROM  COMPUTER  SUMMATION 


OF  GROUP  ADDITIVITY  DATA 


1 .  INTRODUCTION 


Calculation  of  equilibrium  concentrations  in  a  multi-component 
system  over  a  range  of  temperatures  requires  values  for  the  thermodynamic 
functions,  enthalpy  of  formation,  entropy  and  heat  capacity  for  each  of  the 
species  in  the  equilibrium.  The  number  of  species  for  which  these  functions 
have  been  determined  is  limited.  To  rupplement  the  established  values, 
several  procedures  have  been  developed  for  the  estimation  of  these 
thermodynamic  functions.  Benson  and  Buss  (l)  consider  what  may  be  described 
as  zero,  first,  second,  etc  order  approximations  for  the  estimation  of 
thermodynamic  functions.  Zero  or  first  order  approximations  may  yield 
values  for  the  entropy  and  heat  capacity  within  4.2  J  Mol-1  K_1  of  known 
values,  but  second  order  approximations  are  required  to  obtain  this  precision 
for  the  enthalpy  of  formation.  These  second  order  approximations  are  most 
readily  obtained  by  consideration  of  molecules  as  a  combination  of  groups, 
from  which  the  thermodynamic  functions  may  be  obtained  by  algebraic 
summation.  Tables  of  group  values  for  the  standard  gas  phase  have  been 
published  with  a  discussion  of  the  procedures  used  to  obtain  the  values  (2). 
More  recently,  Alberty  (3)  showed  how  a  mathematical  form  of  group  values 
could  be  used  to  calculate  thermodynamic  properties  of  hydrocarbon  isomers, 
in  which  an  isomer  group  was  considered  as  a  whole. 


The  group  values  of  Benson  et  al.  (2)  have  been  extended  and 
incorporated  into  a  computer  programme,  CHETAH  -  Chemical  Thermodynamic  and 
Energy  Release  Evaluation  Programme,  for  Committee  E-27  (Hazard  Potential  of 
Chemicals)  of  the  American  Society  for  Testing  of  Materials  (4).  This 
programme  was  written  In  Fortran  IV  primarily  for  mainframe  IBM  computers. 
CHETAH  will  calculate  energy  hazard  potential  parameters  for  compounds  based 
primarily  on  heat  release  values.  It  will  also  calculate  values  of  the 
estimated  thermodynamic  functions  and  the  free  energy  of  reaction  for  a 
balanced  chemical  reaction.  The  programme  and  data  base  is  available  from 
ASTM  on  punched  computer  cards. 

A  number  of  computer  programmes  have  been  developed  for  the 
calculation  of  equilibrium  concentrations  of  chemical  species  using  the 
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thermodynamic  functions.  The  current  version  of  ” Thermodata " ,  developed  by 
Turnbull  and  wadsley  (5),  can  calculate  the  equilibrium  concentration  of  up  t 
loo  species.  This  programme  will  also  output  heat  balances  and  has  an  mbuil 
plotting  routine.  The  data  base  for  Thermodata  consists  of  values  for  the 
standard  enthalpy  and  entropy  of  formation  of  the  species  and  a  mathematical 
function  for  the  variation  of  the  heat  capacity  with  temperature.  A  routine 
is  available  within  the  Thermodata  programme  package  for  adding  data  to  the 
data  base  if  values  for  the  standard  enthalpy  and  entropy  of  formation  and 
heat  capacity  values  at  several  temperatures  are  available.  Thermodata  is 
written  in  Fortran  77  for  the  vax  11/780  computer.  It  also  has  been 
transferred  to  the  IBM  PC/XT  microcomputer  to  make  use  of  the  graphics 
capability  of  the  PC/XT  display.  Currently  it  is  available  in  Vax  compatible 
tape  format  and  PC/XT  floppy  disks. 


Due  to  the  low  unit  cost  of  the  IBM  PC/XT  microcomputer  or 
compatible,  a  data  base  originally  derived  from  reference  (2)  as  used  in 
CHETAH  has  been  incorporated  into  a  PC/XT  Fortran  77  compatible  programme. 
This  programme  is  designed  to  be  used  in  an  iterative  manner  with  free  form 
"user  friendly”  terminal  input.  From  an  input  of  the  groups  in  a  species  it 
will  calculate  the  thermodynamic  values  which  are  required  as  input  for  the 
Thermodata  database  management  programme.  These  values  may  be  output  in 
machine  readable  form  for  direct  input  into  Thermodata. 


2 .  USE  OF  GROUP  ADDITIVITY  DATA 


The  second  order  approximation  for  estimation  of  thermodynamic 
values  is  based  upon  subdivision  of  a  molecular  species  into  a  number  of 
groups  based  upon  a  central  atom  in  a  specified  chemical  environment  which  is 
defined  by  nearest  neighbour  interactions  (2).  In  order  to  obtain  a  group 
value,  the  group  must  be  present  in  at  least  one  species  for  which  the 
thermodynamic  values  are  known.  When  the  group  is  present  in  more  than  one 
species  for  which  thermodynamic  values  are  known,  the  validity  of  the  group 
value  may  be  confirmed,  in  deriving  the  group  values,  defined  contributions 
to  the  known  thermodynamic  data  which  were  not  dependent  upon  nearest 
neighbour  interactions  were  algebraically  subtracted  from  the  species  value. 
These  additional  contributions  may  be  considered  as  pseudo  groups  and  a 
means  of  correction  for  interactions  other  than  nearest  neighbour,  in  all 
cases  these  pseudo  groups  are  a  means  of  quantifying  non-nearest  neighbour 
symmetry,  sterlc  or  electronic  factors  in  a  species. 


2 . l  symmetry  Corrections 


by 


From  statistical  mechanics  the  molar  entropy,  of  a  species  is  given 


s  -  R  in  w 
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where  W  is  the  number  of  distinguishable  configurations  that  the 
species  may  have.  While  these  configurations  must  be  weighted  by  the 
Boltzmann  energy  distribution  at  temperatures  of  300K  and  above,  the  effect 
of  symmetry  elements  in  a  species  is  to  reduce  the  entropy  by  R  In  a  ,  wher 
o  is  the  symmetry  number  defined  as  the  total  number  of  independent 
permutations  of  identical  atoms  in  a  molecule  that  can  be  arrived  at  by 
simple  rigid  rotations  of  the  entire  molecule. 


The  symmetry  number  of  a  species  may  be  further  subdivided  into  an 
external  symmetry  number  and  an  internal  symmetry  number  due  to  "free" 
internal  rotation  of  symmetrical  substitutents  The  Internal  symmetry  number 
arises  due  to  "free"  rotation  of  the  substituent.  Internal  rotation  around 
bonds  is  "free"  if  the  internal  energy  in  the  -  lecule  is  large  compared  to 
the  potential  energy  barrier  for  rotation  of  ‘  bstltuent  about  the  bond. 

This  is  true  for  all  unhindered  substituent.  emperatures  of  300  K  and 

above.  The  entropy  contribution  of  hindered  s  .^stituents  is  temperature 
dependent  and  not  simply  included  in  group  contributions  based  on  nearest 
neighbour  interactions.  At  higher  temperatures,  even  hindered  substituents 
may  be  considered  to  have  "free"  internal  rotation.  Good  agreement  between 
estimated  and  measured  entropy  values  will  be  obtained  by  using  the  "free" 
internal  rotation  model  for  most  single  bond  substituents.  The  methyl 
substitutent  is  the  most  common  symmetrical  substltutent  and  each  has  an 
internal  symmetry  number  of  3.  The  overall  symmetry  number  is  the  product  o 
the  external  symmetry  number  and  the  internal  symmetry  numbers. 


External  symmetry  numbers  are  most  readily  obtained  from  the 
product  of  each  of  the  independent  symmetry  axis.  For  example,  benzene  has 
six  two  fold  symmetry  axes  and  an  external  symmetry  number  of  12.  SFg  with 
six  fourfold  symmetry  axes  has  an  external  symmetry  number  of  24.  All 
normal  alkanes  have  one  twofold  symmetry  axis,  with  the  terminal  methyl 
substitutents  each  having  a  internal  symmetry  number  of  3,  the  overall 
symmetry  number  for  normal  alkanes  is  2  x  3  x  3  -  is. 


2.2  Optical  Isomers 


optical  isomers  increase  the  number  of  possible  configurations  and 
thus  the  molar  entropy.  The  Increase  in  entropy  is  given  by  R  In  n,  where  n 
is  the  number  of  optical  Isomers. 


2 . 3  Correction  for  Groups  in  a  Ring 

Thermodynamic  values  for  non-aromatic  ring  compounds  are  obtained 
by  summation  of  the  equivalent  non-ring  groups  with  the  addition  of  a  ring 
correction  for  each  ring  in  the  species.  This  ring  correction  for  the 
enthalpy  may  be  equated  to  the  destabilization  due  to  ring  "strain".  This 
enthalpy  correction  is  greatest  for  3  membered  rings  and  almost  zero  for 
cyclohexane  which  can  adopt  a  strain  free  configuration.  Groups  in 
aromatic  rings  have  no  non-ring  equivalents,  so  group  values  for  aromatic 
atoms  have  any  ring  correction  incorporated  in  the  group  value.  Ring 
corrections  are  not  required  for  aromatic  rings.  Values  for  non-aromatic 
rings  are  considered  as  pseudo  groups  and  algebraically  summed  for  each 
thermodynamic  function. 
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2.4  Steric  Corrections 


Corrections  have  been  incorporated  into  the  data  base  for  steric 
interactions  with  next-nearest  neighbour  groups.  These  include  alkane  and 
alkene  gauche  interactions,  alkene  and  ring  cis  interactions,  aromatic 
ortho  interactions  and  other  miscellaneous  interactions  as  listed  in 
sequence  numbers  485  to  510  of  Tables  1  and  2.  These  corrections  are 
considered  as  pseudo  groups  and  algebraically  summed  with  other  groups  in 
calculating  the  thermodynamic  values. 


2.5  Assignment  of  Groups  in  a  species 


A  group  value  is  required  for  each  "central”  atom  in  a  species, 
where  a  "central"  atom  is  bonded  to  more  than  one  other  atom.  All  atoms 
bonded  to  other  atoms  by  only  one  bond  are  terminal  atoms  and  do  not  require 
a  group  value,  (eg.  All  hydrogen  atoms  and  carbonyl  oxygen  atoms  are  in  this 
category) .  A  limited  number  of  atoms  bonded  to  unique  atom  configurations 
are  considered  as  gseudo  terminal  atoms.  Atoms  in  this  category  include  the 
nitrile  carbon  (-C3 N)  and  the  nitrate  nitrogen  (-N02).  No  group  values  are 
required  for  these  pseudo  terminal  atoms.  Their  effect  is  contained  in  the 
group  values  of  the  atom  to  which  they  are  bonded. 


3.  PRECISION  OF  THE  GROUP  ADDITIVITY  ESTIMATES 


The  group  values  have  been  derived  from  known  thermodynamic  values 
for  compounds  in  the  standard  gas  phase.  These  known  values  have  been  used 
to  assign  group  values  for  groups  based  on  nearest  neighbour  interactions. 
For  groups  contained  in  many  compounds  for  which  there  are  a  number  of 
reliable  experimental  measurements,  the  group  value  may  be  considered  as 
the  weighted  mean  of  all  the  measurements.  Thermodynamic  values  estimated 
from  these  group  values  can  be  considered  to  yield  data  which  exceeds  the 
procision  of  3ingle  experimental  measurements  provided  there  are  no 
interactions  in  the  species  other  than  that  with  nearest  neighbour  atoms. 
This  is  likely  to  be  the  case  for  the  n-alkanes. 


Group  values  which  are  obtained  from  experimental  values  for  a 
single  compound  will  contain  the  uncertainty  of  the  experimental 
measurement.  In  addition,  it  is  more  difficult  to  consider  the  effect  of 
any  interactions  other  than  nearest  neighbour.  As  a'  general  approximation, 
the  validity  in  the  use  of  group  values  is  likely  to  decrease  as  the  number 
of  heteroatoms  in  the  species  Increases.  Not  only  are  the  groups  based  on 
limited  numbers  of  experimental  measurements  but  the  probability  of 
significant  non-nearest  neighbour  interaction  is  greatly  increased. 


USE  OF  THE  COMPUTER  PROGRAMME 


4  . 


The  computer  programme,  GROUP . EXE  and  the  data  base,  GROUP . DAT , 
are  contained  on  one  standard  IBM  PC  360  Kbyte  floppy  diskette.  The 
programme  may  be  run  from  the  floppy  disk  or  both  programmes  copied  to  a 
'.ard  disk  and  run  from  the  hard  disk.  As  the  programme  reads  the  data  base 
for  each  species,  the  speed  of  execution  is  increased  for  operation  from  a 
hard  disk.  The  data  base  must  be  on  the  default  directory  when  the 
programme  is  started  by  typing  "GROUP".  The  programme  will  readily  operate 
on  a  standard  IBM  PC  with  192  Kbyte  of  memory  or  more. 


A  terminal  dialogue  is  shown  in  Appendix  l  for  estimation  of  the 
thermodynamic  values  for  2-methylbutane .  The  input  into  the  programme  is 
shown  in  bold  type.  All  input  may  be  in  either  upper  or  lower  case.  The 
first  input  into  the  programme  is  the  name  of  a  file  to  store  a  copy  of  the 
calculated  output  shown  on  the  terminal.  Any  PC  file  name  of  up  to  8 
characters  and  3  character  extension  may  be  used  (mydata.txt  being  used  in  the 
example).  If  the  specified  file  does  not  exist  then  it  is  created  else  data 
is  appended  to  the  existing  file.  A  blank  return  by  pressing  only  the  <ENTER> 
key  will  disable  creation  of  and  addition  to  this  type  of  file. 


The  second  input  is  for  the  creation  of  or  addition  to  a  command 
file  for  direct  input  to  the  CSIRO/NPL  "THERMODATA-V"  programme  "FILER".  Any 
file  name  may  be  used.  (myfiler.fil  is  shown  in  Appendix  l.)  The  specified 
file  will  be  created  if  it  does  not  already  exist.  A  blank  return  will  bypass 
this  step. 


For  addition  to  its  data  base,  "FILER"  requires  a  unique  formula  and 
a  unique  name  for  the  species.  C5H12  (g)  and  2-methylbutane  (g)  are  shown  in 
the  example.  These  entries  are  added  to  the  "FILER"  data  base  specified  in 
the  steps  discussed  below.  The  name  is  also  used  to  describe  the  output 
regardless  of  whether  a  "FILER"  command  file  Is  accessed. 


As  discussed  above,  the  entropy  is  corrected  for  the  symmetry  and 
the  number  of  optical  isomers.  2-methylbutane  has  a  external  symmetry  number 
of  1  and  each  of  the  3  terminal  methyl  groups  have  an  Internal  symmetry  of  3, 
so  the  overall  symmetry  is  27.  There  are  no  asymmetric  carbon  atoms  so  there 
is  only  l  optical  isomer. 


The  next  input  is  the  group  sequence  number  and  the  number  of 
occurrences  of  that  group  in  the  species.  Each  group  is  input  on  a  new  line, 
with  a  blank  line  terminating  the  group  input.  It  is  not  necessary  to  input 
the  sequence  numbers  in  numerical  order.  The  group  input  may  be  edited  during 
or  after  input  if  required.  2-methylbutane  has  one  C-(c)/3-(H)  group,  one  C- 
( C ) / 2  —  < H ) / 2  and  three  C-(c)-(H)/3  groups.  In  addition,  it  has  one  alkane 
gauche  interaction  in  the  most  stable  rotomeric  configuration  shown  in  Figure 
l.  These  are  input  to  the  programme  as  a  group  sequence  number  (from  Table  l 
or  Table  2)  followed  by  a  comma  then  the  number  of  times  the  group  occurs  in 
the  molecule. 
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6  ,  1 
5,1 
1  ,  3 
485,1 


If  the  input  is  satisfactory,  the  group  values  are  summed  and  output 
as  shown  in  Appendix  l.  The  line  following  "TOTALS"  consists  of  the  standard 
enthalpy  of  formation  (cal  mol-1),  standard  entropy  (cal  mol-1  K-1)  and  heat 
capacity  (cal  mol-1  K-1)  at  300K,  400K,  500K,  600K,  800K,  ioook  and  1500K.  An 
in  the  next  line  under  the  sum  Indicates  that  one  or  more  data  values 
required  for  that  sum  from  the  database  are  unknown  and  have  been  assigned  a 
value  of  zero.  Finally,  a  line  of  totals  using  Joule  as  the  energy  unit  is 
output.  Following  the  output,  the  programme  may  recycle  as  shown  in  Appendix 
l . 


The  data  base  includes  groups  for  which  not  all  required 
thermodynamic  values  are  available.  The  presence  of  a  "*"  below  a  sum 
indicates  that  this  summation  includes  a  zero  assigned  to  an  unicnown  value. 

If  zero  is  a  reasonable  approximation  to  the  unicnown  value  or  values,  then  the 
summation  is  valid.  This  is  likely  to  be  the  case  for  alkane  gauche 
interaction,  where  the  only  effect  is  likely  to  be  upon  the  enthalpy  of 
formation.  Thus  all  sums  shown  in  example  in  Appendix  l  may  be  considered  to 
be  valid.  However,  for  most  groups  unknown  values  cannot  be  considered  to  be 
zero  and  a  summation  including  an  unknown  value  should  be  considered 
invalid.  Tables  1  and  2  show  dashes  for  data  values  which  are  unknown. 

Due  to  the  high  proportion  of  the  data  base  groups  which  do  not  have  values 
for  the  heat  capacity  at  1500K,  heat  capacity  values  at  1500K  are  not  included 
m  the  data  transferred  to  the  "FILER"  command  file. 

The  estimate  made  by  GROUP  for  standard  enthalpy  of  formation  and 
standard  entropy  at  298K  for  2-methylbutane  (g)  and  for  its  heat  capacity  at 
3 0 OK  of  -36290  cal  mol-1  ,  82.03  cal  mol-1K-1  and  28.61  cal  mol-1K-1  may  be 
compared  with  literature  values  of  -36960  cal  mol-1,  82.29  cal  mol-1K-1  and 
28.54  cal  mol-1K-1  respectively  (6). 

If  a  "FILER"  command  file  has  been  requested,  the  programme  will 
request  an  Access  Code  for  the  "THERMODATA"  programme  suite.  If  Access  Code 
checking  has  not  been  selected  in  your  installation  of  "THERMODATA",  this 
section  of  the  command  file  will  be  ignored.  The  final  input  is  the  name  of 
the  Thermodata  database  file  to  which  the  data  is  to  be  added.  The  file  name 
must  commence  with  the  letters  "CPD"  followed  by  any  allowed  5  characters 
without  an  extension  ( "FILER"  automatically  assumes  and  appends  the  file 
extension  DAT),  when  "FILER"  is  run  from  "THERMODATA",  the  estimates  from  the 
programme  "GROUP"  will  be  added  to  the  named  "THERMODATA"  database  if  it 
already  exits  or  a  new  database  will  be  created  it  it  does  not.  It  may  be 
noted  that  if  the  same  "FILER"  command  file  is  run  more  than  once,  "FILER" 
will  simply  overwrite  existing  data  in  the  database. 


The  same 
case  the 
symmetry 
rotation 


A  second  example  is  shown  in  Appendix  2  for  n-hexylcyclopentane . 
files  names  may  be  used  as  for  the  example  in  Appendix  l,  in  which 
data  will  be  appended  to  the  files.  The  molecule  has  no  external 
and  an  internal  symmetry  number  of  3  associated  with  the  internal 
of  the  methyl  group.  Thus  the  overall  symmetry  number  is  3  and  there 
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is  only  one  optical 
group,  C-(C)-(H)/3, 
m  the  ring  and  the 
( H) .  Correction  is 
cyciopentane  pseudo 


isomer.  The  groups  present  in  the  molecule  are  one  me thy „ 
nine  methylene  groups,  c-(c)/2-(H)/2,  including  both  these 
ring  substituent  and  one  tertiary  carbon  group,  c-(c)/3- 
made  for  the  cyciopentane  ring  by  including  an  additional 
group.  The  groups  are  input  to  the  programme  as 


5 ,  9 

6 ,  l 
l ,  l 
45,  1 

values  are  output  by  the  programme  for  c°  AH°  and  as0  in  both 
calorie  and  joule  units  as  shown  in  Appendix  2.  GBod  agreement  is  obtained 
between  the  estimated  values  of  53.3  cal  mol-1  K-1 ,  -50230  cal  mol-1  and 
128.2  cal  mol-1  K-1  with  the  respective  values  from  reference  6  of 
53.7  cal  mol-1  K-1,  -50070  cal  mol-1  and  127.7  cal  mol-1  K_1 .  values  are 
available  for  all  required  groups  to  the  temperature  of  1500  K,  so  no  "*"s 
appear  below  the  totals  for  this  example.  However,  to  allow  consistency  with 
the  bulk  of  the  group  data,  c  data  at  1500  K  is  not  included  in  the  "FILER" 
myfiler.inp  file  for  calculation  of  the  equation  for  variation  of  heat 
capacity  with  temperature. 


5 .  FURTHER  EXAMPLES  OF  GROUP  ALLOCATIONS 


Further  examples  to  illustrate  the  assignment  of  groups  in  a 
molecule  may  be  considered.  Ethylnltrlle  has  a  formula  of  CH3CH2CN.  As 
discussed  above,  the  -CN  group  is  considered  a  pseudo  terminal  group  and  does 
not  require  a  group  value.  The  two  groups  in  the  molecule  are  C- ( C )  —  ( H > / 3  and 
c-( C ) -( CN) -( H) /2 .  These  are  input  to  the  programme  as: 


l ,  1 
205,1 


Cls-i , 2-dlmethylcyclobutane  has  a  formula  of  cgH12.  There  are  two 
C-(C)/2-(H)/2  groups,  two  c-(c)/3-(H>  and  two  c-(C)-(H)/3  groups. 

Additional  non-nearest  neighbour  interactions  contributing  to  the  final  values 
as  pseudo  groups  are  one  cyclobutane  ring  and  one  alkane  cis  Interaction.  The 
groups  inputs  to  the  programme  are: 


5.2 

6.2 
1,2 

43,1 

490,1 


l , i-dichloro-7-nitro-hept-cis , cis-2 , 4-diene  may  be  considered  as  the 
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final  example.  The  structural  formula  is  CHC1 2 i CH ) 4CH 2CH2N02 .  The  groups  ;r. 
the  molecule  are: 


one  C- ( C ) -( Cl ) / 2- ( H)  group 
two  C/D- ' C ) -( H )  groups 
two  C/D- ( C/D ) - ( H )  groups 
one  C-(C)-(C/D)-(h)/2  group 
one  c-(c)-(H)/2-(NO/2)  group 


In  addition  there  are  two  cis  interactions.  These  are  input  to  the  programme 
as  : 


23  8  ,1 
9,2 
11,2 
18,1 
214,1 
4  90,2 


It  may  be  noted  that  interaction  between  the  1,3  diene  system  is  included  in 
the  c/D- ( c/D ) - ( H )  group.  However,  there  is  likely  to  be  additional  non- 
.nearest  neighbour  interaction  between  the  1,3-dlene  system  with  the  chlorine 
atoms  and  possibly  with  the  nitro  group.  This  interaction  is  not  included  in 
the  group  values.  Any  variation  between  the  estimated  thermodynamic  values 
and  experimental  values  may  be  considered  a  quantitative  estimate  of  this  long 
range  interaction. 


6.  CONCLUSIONS 


The  computer  programme  simplifies  the  estimation  of  thermodynamic 
values  by  the  method  of  Benson  et.  al.  (2)  by  prompting  for  the  required  input 
and  then  carrying  out  the  summation  of  values  for  each  of  the  groups  with 
correction  for  symmetry  factors.  The  output  listing  then  allows  cross 
checking  that  the  correct  groups  have  been  input  into  the  programme.  An 
optional  file  may  be  produced  which  can  be  used  as  direct  input  to  add  to  the 
Australian  CSIRO/NPL  "THERMODATA"  database. 

Variations  between  estimated  thermodynamic  values  and  experimental 
values  may  be  be  due  to  inaccuracies  in  the  experimental  measurements, 
inaccuracies  in  the  group  values  or  non-nearest  neighbour  interactions  which 
are  not  included  in  the  data  base. 

The  authors  welcome  correspondence  from  users  of  the  data  base  for 
the  programme  "GROUP"  with  respect  to  group  values  which  may  be  considered 
inaccurate  or  incomplete. 
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(a)  2  gauche 
interactions 


Me 


(b)  1  gauche 
interact  ion 


Me 


(c)  1  gauche 
i  nteract ion 


FIGURE  l  Rotomerlc  conformations  of  2-methylbutane . 


GLOSSARY  FOR  TAT ' E  1  AND  TABLE  2 


For  each,  group,  the  left-most  atom  is  the  "Central  atom"  of  the 
group.  The  central  atom"  has  at  least  two  bonds  to  other  atoms. 

Functional  groups  which  are  normally  indivisible  (such  as  NO^  etc., 
and  are  externally  linked  by  only  one  bond  are  regarded  for  the  purpose  of 
group  additivity  as  "pseudo-atoms". 

All  terminal  atoms  (or  "pseudo-atoms")  are  enclosed  in  brackets  and 
are  separated  from  each  other  and  from  the  "central  atom"  by  the  dash  or 
hyphen  character  . 

A  "/"  followed  by  a  number  is  used  to  Indicate  a  repitltlon  factor 
for  the  atom  or  "pseudo-atom”  immediately  before  it. 

For  example:-  In  -(no/2)-  the  slash  notation  indicates  that  the 
nitrogen  atom  has  two  oxygens  bonded  to  it  to  form  the  NITRO  terminal  "Pseudo 
atom";  in  -(Cl)/2-  the  slash  notation  indicates  that  the  "central  atom"  has 
two  chlorine  atoms  bonded  to  it. 

A  slash  followed  by  a  letter  indicates  a  descriptive  environment  fo 
the  atom  preceding  it.  A  list  of  the  notation  used  is  shown  below:- 


C/b  a  benzenoid  carbon  atom 

C/D  An  Alkene  carbon  atom. 

C/T  An  Alkyne  carbon  atom. 

C/A  An  Allylic  carbon  atom. 

N/l  An  Imino  nitrogen. 

N/A  An  Amino  nitrogen. 
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105  C/D-  ( C )  -  ( CO )  7500.  -1  1.80  5.48  6.98  7.41  7.64  8.01  8.20  .  ii 

255  C/D- ( C ) - (Cl )  -2100.  15.00  .00  .00  .00  .00  .00  .00  .00 

9  C/D-(C)-(H)  8590.  7.97  4.16  5.03  5.81  6.50  7.65  8.45  9.*,' 

223  C/D- ( C ) - ( NO/ 2 )  4400.  -  .00  .00  .00  .00  .00  .00  .00 


.3 

a 

X 

X 

X 

o 

3 

3 

rc 

— 

~D 

^2 

— 

3 

3 

- 

3> 

T' 

o 

CT> 

° 

o 

O 

o 

o 

o 

3 

3 

- 

— 

J' 

;n 

an 

— 

>~5l 

_ _ 

X 

X 

O 

«T 

av 

<n 

o 

cn 

o 

»7 

cn 

o 

o 

o 

O 

O 

o 

O 

o 

o 

o 

m 

C71 

<J> 

o 

cn 

m 

an 

o 

O' 

—• 

o 

o- 

an 

CN 

o 

04 

O 

1 

— » 

o 

X 

an 

CO 

X 

CO 

m 

ao 

«T 

cn 

an 

CN 

cn 

9 

— 

CN 

— 

-* 

CN 

— 

X. 

o 

X) 

-n 

an 

o 

an 

o 

«T 

co 

04 

o 

o 

o 

o 

o 

o 

o 

r- 

o 

co 

vo 

m 

m 

o 

r*n 

m 

m 

m 

o 

04 

m 

VO 

ao 

ao 

X? 

o 

o 

o 

i 

1 

1 

i  •  i 

1  I 

co 

an 

*T 

o 

CO 

co 

co 

VO 

04 

o 

CO 

04 

»T 

cn 

r— < 

o 

— 

04 

*- 

*"• 

CN 

-* 

<T> 

o 

04 

04 

o 

04 

o 

an 

n 

an 

o 

O 

o 

o 

o 

O 

o 

o 

o 

04 

O 

CN 

*=r 

<T 

o 

<r 

an 

04 

VO 

o> 

m 

CN 

on 

an 

O' 

04 

<3 

an 

■ — . 

3 

i 

1 

1 

•  1 

1  i 

X? 

J~) 

CT> 

r* 

r~ 

o* 

*T 

O 

cn 

r~ 

m 

i— > 

cn 

o 

04 

on 

CO 

04 

■“* 

*-• 

*“■ 

X 

<jn 

on 

VO 

o 

an 

o 

in 

o 

CO 

p» 

03 

o 

o 

o 

o 

o 

o 

O 

o  Vj 

.  o 

<T> 

CO 

<T> 

r- 

r~ 

o 

r* 

m 

VO 

OM 

**T 

VO 

cn 

cn 

an 

o 

o 

an 

U 

o 

I 

I 

1 

i  •  1 

1  1 

an 

<T 

m 

o~ 

VO 

vo 

vo 

m 

CO 

cn 

r~ 

04 

o 

m 

cn 

04 

O' 

r- 

n-. 

H 

*“• 

-• 

-* 

CN 

cn 

o 

cn 

o 

an 

an 

o 

o 

o 

o 

o 

o 

o 

o 

VO 

o 

VO 

an 

04 

r~ 

o- 

o 

r- 

o- 

an 

ao 

o 

r- 

CN 

an 

o 

o 

on 

o 

1 

i 

1 

1  •  ! 

1  ) 

<r 

V 

rn 

vo 

wO 

an 

an 

vo 

co 

r- 

r-» 

<n 

04 

co 

f-H 

an 

vo 

—• 

O 

o 

o 

VO 

vo 

o 

VO 

o 

o 

co 

<y> 

o 

o 

o 

o 

o 

o 

o 

o 

o 

«*i 

an 

p“ 

<r 

o 

•*T 

cO 

VO 

an 

ai 

m 

<n 

CO 

O' 

cn 

o 

r-« 

o 

1 

1 

1 

i  •  l 

1  1 

cn 

«r 

on 

m 

<T 

cn 

m 

o* 

an 

o 

r~ 

VO 

on 

04 

an 

r-i 

«-* 

T- 


T3 

1) 

3 


< 

r- 


O  1-t  O  O  CO  O  CO 

o-  vc  r*  cn  r-  rn 


(N  fNI  O'  (N  OJ  U3 

<  I  r—«  •— < 

II  I  I 


O  O  CO  00  O  O'  o 

u>  co  n  in  cn  ui  ^ 


*r  CO  VO  VO  0*1  O'  04 

— ♦  l  n  H  r-» 

l  l 


o  o  o  o  o  o  o 

00  V  ft  00  m  On  "V 


in  in  n  r  o  v 
m  m  ^  cn  on  ««r 


O  O  O  f-H  o  LO 

<3  o  on  vo  h  m 

co  co  f-t  vo  vo 

•“H  cn  cn 


o  o  o  o  o  o  o 

o  m  o  co  o  oj 
m  cn  on  m  r-  o  c" 

o  o  o  vo  co  vo 


o  o  o  o  o  o  o 

o  o  ao  o  o  o  o 

<T<  vO  o-  »-•  o  vo 
co  «r  vo  o-  VO  r-H 

mo  r-. 


o  o  o  o  o  o  o 

o  o  o  o  o  o  o 

N  (N  CO  ^  in  lO  H 

O  r-H  r-<  r*  «t  r- 

«r  i  i  o  r-  cn 

I  I  i 


o  o  o  o  o  o  o 

o  vo  o  r-  vo  o  to 

vo  on  on  r-  cn  vo  on 

CO  CO  (N  co  vo  o  o 

04  04 


6 

<■0 

as 

o. 

3 

O 

u 

O 


cn 


—  —  O 

o  w  w 

i  i  i 

u  u 


X  — 
<N  —  X 


CM 


ON 


X  o  U*  X  — 

1  cn  — *  > —  — -  —  cn  ac 
—  l  I  I  x*.  - —  cn 

CQ  CD  Q  Q  Q  H  — — *--*-'•—*  |\ 

—  —  \  \  \  \  \  x  Z  25  O  O  m  -h  -h  —  ■ — ■ 
CJUOUOUOUCJUOUOOUC^U* 


-  o  —  —  o  c 

H  25  O  CO  co  cn 

'l  I  l  I  I  I  \ 

XXXXXXXCQ 


l  I  I  I  l  I  I  l  I  I  I  I  I  I  I  l  I  I  l  I  I  I  I  I  I 

QOQQQQQQQQQQQQOQQOQOQQQHE- 

XX\X\SXXXN\XNXNX\X\\\NX\X 

UOUUUUUUUUCJC 


Q  Q  Q 

X  X  \ . 

UUOOUUCJUUUOOOUOU 


u  U 

c.  D  cor~-mocnvOr-’0'0-a')Onovo*rcncnr'CNvoan.-<<7ncoo4r-'<x>r'-cn 

V  jQ  oco^^r~.^-.,-Ho^f-^o^«ooi/ivOiOvou^vOf--«oaOr-*vo  vo  cn 

3  £  <-*  cn  cn  «-<  CNrMr-4^<N<N<N(XfN(xrsi^-<Nmm  oj 

cr  3 

v  z 

m 


35 


31  C/T-  ( C/B )  29200.  6.43  2.57  3.54  3.50  '..92  5.34  5.50 

30  C/T-(C/D)  29200.  6.43  2.57  3.54  3.50  4.92  5.34  5.50 

38  C/T- ( C/T )  29570.  5.87  .00  .00  .00  .00  .00  .00 

213  C/T-(CN>  63800.  35.40  10.30  11.30  12.10  12.70  13.60  14.10 


Number  Group  Name  (cal  mol  )  (cal  K  mol  )  JOOK  400K  b00K  fcOOK  80uK  iogok 


o 


O  <P  O 
>£  CO 


O'  r~ 


o  r~  o 

v0 


^  co  co 


—  CD 


o  aD  n 

<7*  >P  <7* 


VO  (N  ^5 
vp  o  r- 


O  Ol  o 


r-  in  cn 


o  cn  o 
^  co 


o  r*  o 
cn  cm 


r*  in  CD 


r->  <yi  in 

in  in  in 


«-<  o 
o  o 


o  o  o 

r-  O' 


cn  O  <D  rn  r-<  o 

cr*  cm  r~  *«»  o  m 


o  o  o  o  o  o 


O  m  <n  o 

(M  <71  C7V  CO 


cn  cm  m 


j->  in  cn  o  in 


in  in  in  in  •— « 

f~>  rn  m  cm 


oooooooo 

ocnoooooo 

coO'a3coO'nfN« 

r-vpmr*~o<7''cn<7\ 

r^cMcnmmrMcMCM 

l'i| 


oooooooo 

OOVPOOOOO 

ao  •-*  <n  ao  m  •— ip* 

CNin<-<r-<vocM<7'm 

cnmmcncMtncMCN 
I  I  I  I  I  I  I  I 


O  O  O  O  O  O  O 

O  O  O  o  O  O  o 

o  co  »-<  o  *  c'i  m 

ifl  lO  O'  (N  O'  iD  O' 

Cn  (N  CM  ro  CM  CM  CM 

I  I  I  I  I  I  I 


ooooooooo 
ooovo  ooooco 

'OnO'iDvO'OfNCO 

oiiNoiH^o^in^^ 

<MmcMcn*xvp,-<m 


•— * 

— * 

- — ■ 

CO 

- — . 

- — . 

O 

H 

. — . 

- — . 

—* 

. — . 

0) 

\ 

CO 

o 

cj 

o 

X 

h-t 

o 

X 

o 

X 

- — . 

CJ 

cj 

\ 

\ 

O 

• — - 

— * 

— * 

— - 

— . 

— *• 

CM 

— - 

— - 

X 

o 

- — . 

— 

CJ 

■ — ■ 

cj 

cj 

CJ 

X 

2 

o 

co 

1 

1 

1 

1 

1 

\ 

1 

1 

1 

— ■ 

■ — ■ 

z 

o 

1 

■w . 

1 

■ — <> 

'w' 

■>— » 

- — 

w 

CM 

— « 

- — - 

•—■■ 

— - 

— » 

1 

1 

•w 

— «• 

CM 

CM 

CM 

*T 

cn 

i 

■-H 

■ — . 

■ — • 

• — . 

\ 

1 

1 

1 

1 

1 

1 

N 

x 

X 

X 

X 

X 

X 

Q 

Q 

1 

1 

\ 

\ 

\ 

\ 

N 

— » 

o 

X 

l—t 

u 

- — . 

. — . 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

o 

o 

- — ■ 

' — . 

. — . 

- — - 

— . 

u 

X 

cj 

cj 

cj 

(J 

CJ 

cj 

CJ 

CJ 

CJ 

CJ 

cj 

CJ 

u 

cj 

O 

CJ 

cj 

u 

cj 

X 

X 

O 

z 

U 

O 

CJ 

CJ 

X 

H 

H 

H 

1 

1 

1 

1 

1 

1 

1 

1 

1 

i 

1 

1 

1 

1 

1 

l 

'T 

1 

1 

t 

"7 

1 

l 

1 

1 

i 

1 

1 

"7 

\ 

\ 

N 

o 

o 

o 

o 

O 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

CO 

•o 

u 

0) 

0) 

cn 

CJ 

CJ 

cj 

cj 

cj 

cj 

cj 

cj 

u 

j 

u 

CJ 

CJ 

CJ 

CJ 

CJ 

CJ 

CJ 

CJ 

u 

CJ 

u 

cj 

CJ 

CJ 

CJ 

CJ 

CJ 

U 

CJ 

o 

-P 

CO 

c0 

r» 

CM 

n 

in 

in 

r- 

CO 

m 

43 

n 

00 

p“ 

o 

vP 

CM 

ip 

r* 

vP 

<y» 

cn 

cn 

CO 

Vp 

-0 

CM 

43 

r* 

co 

m 

r* 

co 

<3\ 

r- 

04 

ao 

m 

r- 

co 

r- 

p~ 

00 

CO 

r- 

cn 

CO 

00 

<T> 

r- 

(M 

o 

CO 

cn 

cn 

o 

cm 

CM 

CM 

— • 

— < 

cn 

CM 

<M 

»-« 

— i 

<— > 

m 

m 

cn 

m 

tn 

^6 


Number  Group  Name  (cal  mol  A)  (cal  K  1  mol"  1  )  300K  400K  SOOK  600K  80UK  IGOOK 


3  CG> 


o  o  o  o  o 


o  o  o  o 


o  o  o  o  o  o 


o  o  o  o  o  o 


o  o  o  o  o  o 


o  o  o  o  o  o 

o  o  o  o  o  o 


CT»  O' 
n  m  m 


GO  GO  CO 


<yi  cr»  cr> 

o  o  o 


C">  n  r-> 


o  ooo  ooooo  oooo 

O  OOO  OOOOO  O  O  04 

•  I  ...  I . I  • 

—  I 


OOOOO 

m  o  o  o 


04 


o 

o 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

o 

O 

O 

O 

o 

O 

o 

o 

O 

o 

O 

o 

04 

co 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

O 

O 

i 

o 

o 

O 

o 

o 

— H 

co 

r* 

cn 

o> 

.n 

n 

C4 

co 

o 

oo 

an 

m 

o 

co 

vO 

-n 

4T 

o 

o 

OJ 

O' 

CO 

o 

o 

co 

04 

.n 

04 

a> 

c- 

•—< 

r- 

o 

— • 

<N 

04 

1 

1 

OJ 

vn 

1 

oj 

^0 

1 

(N 

- 

- 

N 

c 

u 

. — . 

t— , 

u 

o 

0 

04 

C 

O 

c 

o 

2 

O'  \ 

03 

>. 

X3 

- — 

o 

o 

O 

—4 

CO 

X 

X 

X 

2 

>. 

►—4 

o 

— 

0 

X 

o 

■o 

<v 

X 

aa 

— < 

c 

X 

o 

u 

- 

0 

X 

03 

T3 

O 

X 

CQ 

o 

X 

X 

1-4 

X 

0 

r-i 

X 

03 

— 

X 

03 

CO 

0) 

O 

— H 

u 

» 

U 

X 

0 

■X 

a 

X 

u 

X 

T3 

O' 

a 

>. 

X 

0 

u* 

x 

3 

- — . 

x 

*-> 

X 

o 

X 

X 

X 

a 

X 

*o 

U 

T3 

X 

0 

rsj 

o 

0 

X 

03 

—4 

o 

X 

0 

X 

X 

X 

T3 

X 

N 

x 

»• 

u 

u 

o 

0 

X 

03 

X 

03 

X 

•X 

o 

X 

O' 

G 

X 

'—i 

X 

U 

o 

u 

X 

a 

o 

03 

03 

c 

2 

> 

03 

03 

U 

! 

—4 

0 

03 

O 

0 

i 

X 

cx 

CO 

• — ■ 

x 

O' 

u 

03 

X 

—4 

— H 

I 

a 

U 

o 

—4 

•X 

U. 

X 

1 

<v 

> 

> 

X 

X 

o 

>1 

•—i 

04 

0 

2 

03 

O 

O 

X 

H 

X 

X 

o 

0 

CO 

X 

T3 

Q. 

X 

>. 

I 

X 

u 

X 

X 

X 

0 

a> 

X 

o 

03 

o 

X 

0 

CO 

0 

N 

X 

X 

X 

0 

o 

0 

-o 

0 

a> 

c 

0) 

X 

X 

c 

1 

o 

o 

0 

l-l 

U 

X 

X 

X 

1 

0 

X 

X 

X 

0 

c 

0) 

5 

03 

1 

03 

u 

u 

aJ 

Ul 

2 

>4 

03 

1 

X 

X 

O' 

. — . 

5 

0 

0 

o 

3 

03 

x 

x 

x 

-V 

03 

X 

0 

u 

X 

a 

X 

1 

F 

X 

0 

0 

o 

X 

* 

*x 

0) 

1 

— O 

X 

X 

X 

03 

0 

O 

X 

* 

- 

>4 

0 

3 

■3 

0 

0 

< v 

X 

■X 

o 

<v 

X 

X 

X 

a 

0 

0 

0 

CO 

X 

X 

X 

CO 

£X 

IV 

T3 

3 

03 

1 

1 

1 

o 

X 

o 

U 

U 

- — 

0 

0 

— 

* 

1 

X 

% 

1 

i 

o 

X 

X 

X 

1 

X 

X 

03 

1 

0 

- 

03 

03 

0 

0 

0 

1 

X 

X 

•—* 

o 

X 

o 

X 

i 

X 

X 

X 

X 

X 

o 

o 

1 

1 

u 

o 

>4 

O 

1 

| 

1 

O 

X 

u 

X 

03 

u 

O 

o 

CJ 

u 

X 

03 

X 

X 

X 

X 

X 

X 

X 

=3 

x 

X 

CO 

X 

=3 

33 

X 

X 

u 

U4 

X 

(A 

w 

u 

1-4 

0 

X 

CO 

CO 

CO 

X 

x 

03 

x 

x 

X 

03 

03 

03 

03 

03 

u 

03 

t-4 

—4 

■H 

X 

X 

X 

i-4 

-4 

X 

X 

X 

o 

O' 

o 

03 

o 

O' 

O' 

O 

o 

O' 

o 

a. 

o 

o 

u 

CO 

CO 

a 

o 

u 

O 

O 

o 

-x 

x. 

05 

— < 

. — . 

«. 

«. 

*. 

« 

«. 

» 

«. 

<* 

<* 

» 

\ 

U 

i— < 

c 

C 

x 

x 

x 

c 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

U 

■X 

- — - 

- — 

*— • 

04 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

o 

■ — - 

O 

I 

1 

\ 

X 

X 

X 

X 

t-4 

H 

H 

—4 

—4 

■—4 

— H 

X 

■H 

■r-i 

•X 

X 

X 

X 

• — • 

■ — ■ 

04 

— . 

— *. 

X 

x 

x 

u 

X 

X 

iJ 

4-J 

u 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

— * 

* 

i 

S 

X 

X 

X 

o 

o 

u 

o 

o 

o 

u 

u 

o 

o 

CJ 

o 

u 

u 

o 

u 

u 

o 

o 

o 

o 

o 

u 

x 

- — • 

- — • 

— * 

N 

\ 

s 

03 

<v 

03 

t V 

03 

03 

(V 

<v 

03 

03 

03 

03 

03 

03 

03 

03 

03 

<v 

03 

03 

03 

03 

03 

XS 

u 

O 

U 

u 

u 

o 

X 

x 

x 

x 

x 

u 

u 

U 

u 

U 

u 

U 

u 

u 

u 

u 

U 

U 

u 

X 

X 

— 

• — ■ 

• — 

■ — 1 

— 

' — 

« — 

0 

0 

0 

03 

03 

03 

03 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

i 

1 

i 

l 

1 

1 

] 

X 

X 

X 

X 

X 

*-> 

X 

u 

X 

4-1 

u 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

O 

a* 

O' 

o 

O' 

O' 

o 

c 

c 

C 

C 

c 

c 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

c 

X 

X 

X 

X 

X 

X 

1—4 

1—4 

V— < 

►-4 

H-4 

t-4 

1-4 

1-4 

X 

X 

X 

IX 

o 

r- 

O' 

co 

r* 

CM 

a") 

o 

r* 

ao 

<T> 

O' 

O' 

o 

CM 

m 

iD 

co 

O' 

*x 

in 

O* 

— 

O 

O 

O 

O 

X 

O 

o 

co 

o 

o 

O' 

ao 

co 

co 

O' 

O 

o 

O' 

O' 

O 

o 

o 

O' 

CT) 

O' 

CD 

O' 

** 

wn 

i n 

in 

vT) 

Vi") 

lO 

-D 

in 

in 

4T 

.00  .00  .00  .00  .00  .00  .00 


o 

o 

vp 


O  Q.  O 

CJ  o 


o  o  o 
o  o  o 


00  O  O  S) 

cm  o  O  ^ 


m  f-  (7> 

n>  ■c*  r- 

VO  CM 

co  vp 
<Sl  *T  i— 

«r  in  (N 


00  o  o 

<T  O  O'* 


<r  m  r- 
cm  *r  O' 

iT)  O  VP 
i/*5  i— «  CM 

h  n  co 


r-  <71  r  in 
^  in  co  co 


o  n  co  ® 


f-.  n  cji  o 
'T  in  r  O' 


<J\  j~)  r- 


r-  m  vn  rn 
O  H  CM  co 


cm  r—  cm  n 

n  (N  lO  rl 


r-  m  <n  vp 


r-H  CM  00  r-H 

n  o  n  (n 


o  o 
o  o 


c  c 

cm  c-i 


a>  r-> 
m  oo 


VO  VO 


VP 


ro 


vo  o  m 


CM  CM 

r-  vo 


CM  O 
00  CM 


J*>  o  o 


r-ir5CT>r-«r~ 
io  n  (M  O'  <r 


wO  vp  o 


ip  v  CO  CO  H 
iO  O  CM  CM  ^ 


*n  vo  ^ 


r-  m  in  c-«  r- 
(ji  n  co  n  o 


n  co  n  in  (N 
9  n  (N  r*  n 


VP  «-*  VO  VO  r-t 
lO  uO  O  O  in 


CO  C —  CO  CO  M 
c  in  O'  m  r* 


vp 

Ov 


<7\ 

<7* 


■c 

0) 

3 


O 

CO 


o 

£ 


o  o  o 

co  OV  CM 


r-<  f-H  o  O  O 
vo  r*  in  ffi  O'  co 


•— •  vp  cn  in 


o'  O'  in  vfi  ®  n 

CM  f-H  I-H  r-H 

I  I  I 


ooo^HOCT'oavcn 

0'rsHp>n'piPHH 


o  o  o 
in  co  in 


l  l  l  l  l 


m  CM  VP  CO  <7» 
r-H  I  f-H  CM 


O'  O'  CO  vo  co 
CM  CM  CM 


CM 

^3 


< 

H 


X 

co 

C7» 


CO 

O 


ooooooooooooooooooooooooooooooo 

innoooooooooooooooooooooooocooooo 

r-0'0'<70'cc0'a)(NHVTr'i(Nc00'OvTH^^inHC0(,'0'inr,-<Tn-"O 
oic»rnp'0*Tvcpincj'(Nr'0'Poa'vr  I  (N*ripvcofNH<7inrn 

I  r-.  ,  I  CM  CM  r— »CMCOr— tCM»— *CMC*1CM  CM  f-<r-H^-lr-.^m(MCM 

1  1  I 


o 

£ 

CT5 


a 

3 

o 

u 

u 


u 

(T3 

r-H 

M 

O 

CO 

a 

■— H 

c 

o 

o 

Q. 

c 

\ 

\ 

U 

4-1 

CT3 

CT3 

o 

O 

a 

a 

c 

c 

o 

o 

c 

1 

c 

1 

o 

o 

c. 

-C 

u 

4-> 

u 

Vh 

. — . 

o 

o 

s 

- — . 

— • 

s 

— - 

CM 

- 

1 

— 

CM 

z 

m 

. — 

\ 

c. 

c 

CM 

1 

\ 

CM 

— 

CM 

o 

<—N 

- — . 

. — . 

o 

— 

o 

O 

o 

o 

\ 

cq 

■*— 

\ 

I 

\ 

o 

o 

s 

z 

04 

04 

in 

CO 

CO 

E-* 

H 

•H 

N 

o 

o 

— 

— - 

' — r 

— r * 

— - 

— * 

- - - 

•— 

4-» 

o 

o 

u 

o 

u. 

s 

s 

1 

1 

1 

1 

1 

1 

i 

1 

1 

1 

u 

o 

— » 

—— 

— » 

r 

w - 

• — «r 

CM 

CM 

<N 

CM 

CM 

CM 

CM 

CM 

CM 

CM 

c0 

CO 

1 

1 

1 

1 

1 

1 

1 

\ 

\ 

N 

\ 

\ 

\ 

\ 

\ 

\ 

\ 

W 

l-l 

— 

•— « 

•— » 

«— * 

«— 

- — * 

. — ». 

«*— . 

0) 

a; 

m 

o 

o 

o 

o 

o 

u 

o 

o 

o 

u 

u 

CJ 

o 

u 

U 

CJ 

4-) 

u 

- - 

• — • 

— r 

■»— r 

-» — 

— - 

- — - 

■ — • 

"W 

— • 

c 

c 

i 

1 

1 

1 

1 

1 

1 

1 

l 

1 

1 

1 

1 

1 

1 

1 

1 

t-H 

>-H 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

z 

\  CQ 
—  \ 
CJ  CJ 

I  I 

z  % 


CM  Z 
\  ^  CM 
—  I  \ 

O  —  — 
OSS 

I  I  I 

mss 
\  \  \ 
o  o  o 

I  1  t 

z  z  z 


^  \  I  \  - 


CM  X 
\  — 

CQ  —• 

\  o 
o  o 

I  I 

z  z 


I  CM  —  — 


o  m 
o  u 


I  I  I 

z  z  z 


o  s  z 

I  t  I 

<  <  < 

\  M  V 

z  z  z 


o 

u 

u 

a 

<v 

CO 

VP 

n 

o 

<T> 

CM 

r-l 

r- 

r-H 

o 

co 

CM 

CM 

n 

r- 

cn 

f-H 

r~ 

crv 

f-H 

HT 

m 

<7* 

CM 

ao 

CM 

O 

CO 

r- 

a') 

OJ 

% 

o 

O' 

r- 

<T> 

<T> 

o 

n> 

oo 

r- 

O' 

o 

r- 

ao 

HT 

CM 

CM 

m 

co 

r* 

o 

O 

ao 

CO 

C7i 

<7» 

O 

CM 

CO 

co 

co 

(7* 

3 

£ 

iT> 

HT 

r-H 

CM 

CM 

r-4 

r-H 

*—* 

CM 

r-H 

r4 

HT 

HT 

cn 

r> 

n 

rn 

f-H 

CM 

CM 

r-H 

r-H 

l-H 

•— « 

CM 

O 

i— « 

*-H 

r-» 

<— • 

a* 

3 

0) 

Z 

CO 

38 


Sequence  AH  298K  S  298K  C  (cal  K  mol 


o  o  o 
o  o  o 


00  o  •— 
^  M3  i/I 


CO  O  1/1 
co  o  ca 


rsj  o  01 

<T  CM  O') 


O  O  (N 

r*  in  (N 


o  o 
o  m  o 


o  o  o 
Ci  co  n 


o  o  <r» 
o  r*  n 


r-  o  o  o 
o  ci  in  v 


l  l  i  i  l 


aooomofnomcNOk/ii/i 

io(Nnoia3CH(j\in(Ninco 


aoocTir^m^TO«T'a,cocor~ 
*— <  cn  n  f-*  c-»  ca  cn 


oooooooooooooooooooooooooooooooo 
ooomooooocoooooooooooooooooooor-oo 
nc~“m,o'v/ioun'— <LDcocri^TL/ii/ir~'(^v/iLO(Nr~(n»— 'fNcnotTi*— <ouocnp~o 


r-.kX)^>cjiLnmomm^~Lnc^^rnoommm^or~- 


vo  r— «  cm  m 


(N  n  I  n  |  N 


l  i  l  l  I 


CN  CM  CM  O  m  CM 


inr*nr*a)Chioiflcoin 

^Tnf^ma-)r-.^r^LO>o 

I  1  I  l  I  I  I  l  l  i 


-  — *  CM  -  n— ‘O— 

ffl  Q  ^  -  —  \  55  —  —  OS  OS  S -  ~ 

—  — -  '-v  v-s  O  M  — •  o  ^  i  O  ■H  ^  -w.  ^  CM  —  CN  SO  — -  — *  O 

ffl  osoooos*sosscuw>  i  i^i  i  v.  i  —  cn  o  a  a 

OOXI  I  I  I  I  I  I  I  |  |  I  |  |  I  1\CECQCQQC5QH - -*  — *  I  I  I 

I  I  IXSOOOOOOOOOOOOOOOOOOOOOOOOXXX 
"N.  'N.  's**  !  I  I  I  I  I  I  I  I  I  I  I  I  1  I  I  I  I  1  I  I  l  1  I  I  1  I  I  1 

zzzooooooooooooooooooooooooooooo 


n^*f(NriOcocNoncQ(jitr^ 

cococor-r'oa>a^coo»-«^a^n 

r~*  *— <  COrWCMCN  *J> 


®no'(N®HOirir'r®no(JiiCP‘i7' 

ncoa3o«offiiJ'tN(3ifNai0icoi7'nn 

<«y  n  ro  ^  r-t  >-*  *r 


39 


Number  Group  Name  (cal  mol  )  (cal  K  mol  )  300K  400K  book  book  book  1000K  lbuuK 


o  o  o  o  o 
o  o  o  o  o 


o 

iM 


o  o  o  o  o 
o  o  o  o  o 

f . I 


o  o 

o  o 


o  o  o 


o 

CM 


o  o  o  o  o 
o  o  o  o  o 


o  o 

o  o 


o  o  o 
o  o  o 


o  o  o  o 

o  o  o  o 


o 

o 


o  o  o  o  o 
o  o  o  o  o 


o 

o 


o 

o 


o  o  o 
o  o  o 

•  I 


[III 


o  o  o  o 

o  o  o  o 


o 

o 


o  o  o  o  o 
o  o  o  o  o 


o  o 

o  o 

•  I 


o  o  o 
o  o  o 


o  o  o  o 

o  o  o  o 


o 

o 


o  o  o  o  o 
o  o  o  o  o 


o  o 

o  o 

•  I 


o  o  o 
o  o  o 


o  o  o  o 

o  o  o  o 


o 

o 


o  o  o  o  o 
o  o  o  o  o 


o  o 

o  o 

•  I 


o  o  o 


o  o  o 
o  o  o 


o 

o 


C7> 


o  r~  t— 

ao  <r>  r- 

I  I  I  I  I  *  I  •  •  I  I  I  I  I 

O  <N  VO 

n  n 


I  I 


o  o  o  o 
n  o  o  co 

(Tt  CM  lO 

CM  in  CM  r-« 


o  o 

<M  <J\ 

<n  r* 
VO  cm 


o 

O 

o 

o 

o 

o 

O 

o 

o 

O 

o 

o 

o 

o 

o 

0 

0 

0 

O 

0 

0 

0 

0 

O 

0 

0 

0 

0 

0 

0 

o 

O 

o 

o 

o 

o 

O 

o 

o 

o 

o 

o 

o 

1 

o 

o 

1 

0 

0 

0 

O 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

o 

»n 

r-t 

o 

m 

co 

ao 

n 

r- 

n 

<71 

CM 

vo 

o 

in 

(O 

<71 

r- 

vo 

vo 

c7> 

vo 

CM 

o 

0 

co 

0 

VO 

<71 

o 

r* 

co 

vD 

VO 

n 

m 

CM 

ao 

m 

CM 

m 

<T> 

CM 

CM 

r- 

■*r 

CM 

VO 

0 

CM 

ao 

r- 

CM 

n 

n 

CM 

vO 

VO 

CM 

f-H 

CM 

n 

I— * 

CM 

<T> 

r~ 

in 

VO 

0 

O 

r~ 

co 

CM 

CM 

in 

vo 

CM 

1 

1 

1 

l 

l 

1 

1 

1 

1 

1 

1 

l 

•—* 

' 

' 

-O 

•H 

v-» 

T3 

>, 

<TJ 

O 

>1 

O 

-Q 

CT3 

O 

<TJ 

O 

U 

-H 

i-i 

O 

(U 

>. 

u) 

O 

1 

- — ' 

■**H 

— ■» 

— s, 

in 

X3 

2 

— . 

in 

* 

* 

1 

II 

2 

. — . 

> 

t—t 

— * 

2 

04 

II 

2 

• — • 

0 

II 

• — ■ 

04 

II 

*. 

0J 

a 

1 

• — 

04 

CM 

D 

<D 

r-4 

c 

_ _ ■ 

— s 

i 

- _ 

C 

<v 

*. 

0 

i 

a. 

1 

•-« 

O 

TJ 

c 

c 

m 

. — . 

ii 

04 

CM 

. — . 

a) 

X 

X 

0) 

- - 

<0 

2 

2 

II 

N 

C»* 

O 

c 

1 

O 

0 

—i 

u 

m 

II 

— 

2 

— * 

— * 

CM 

0) 

••H 

■»— * 

>1 

•l 

3 

CM 

\ 

aa 

04 

1 

— 

o 

1 

1 

\ 

(M 

CM 

CM 

-0 

c 

■a 

■0 

c 

0) 

13 

\ 

. — . 

\ 

-w 

CM 

1 

- — • 

■ - 

\ 

\ 

a; 

0 

0 

<v 

c 

O 

. — . 

U 

u 

1 

\ 

CM 

1 

<— < 

•—i 

— * 

>■—. 

r-i 

•P 

N 

N 

N 

jC 

<0 

«*H 

— H 

m 

CM 

- — . 

\ 

, — . 

u 

u 

U 

Cl* 

O 

\ 

O 

N 

a; 

c 

C 

c 

a 

1-1 

O 

CM 

u 

N 

1 

i 

03 

04 

— • 

• — * 

— - 

m 

m 

m 

N 

<D 

0) 

a> 

a 

> 

CM 

cn 

■ — - 

m 

m 

. — . 

— . 

M 

’—i 

II 

1 

1 

1 

1 

1 

N 

CQ 

1 

\ 

\ 

D3 

(TJ 

X3 

X3 

XJ 

jQ 

n 

O 

\ 

1 

N 

CQ 

N 

u 

u 

U 

o 

U 

2 

<1 

■ — . 

- — . 

\ 

' — ■ 

• — ' 

- — > 

\ 

- — • 

o 

■ — • 

■ — » 

\ 

— * 

■ — « 

w 

■ — ■ 

■ — ■ 

u 

u 

u 

0 

CJ 

O 

U 

b* 

2 

O 

U 

U 

•• 

*> 

■» 

- 

* 

o 

a, 

u 

o 

o 

2 

O 

1 

1 

l 

1 

1 

1 

■ — - 

' — 

"W 

— - 

— «• 

• — - 

—» 

•*—* 

w 

O' 

O' 

O' 

O' 

O' 

O' 

O' 

- — - 

■ — 

' — 

— 

• — 

2 

2 

2 

2 

2 

2 

1 

1 

1 

1 

1 

1 

1 

1 

1 

1 

l 

1 

c 

c 

c 

c 

C 

c 

c 

I 

i 

1 

! 

1 

1 

l 

11 

II 

II 

II 

II 

II 

o 

o 

O 

0 

0 

0 

O 

0 

O 

O 

A 

•H 

«-• 

f— * 

o 

o 

a 

a 

0- 

Qu 

O4 

a 

a. 

04 

a, 

a- 

0* 

a* 

a. 

04 

04 

04 

a* 

04 

a* 

O4 

a* 

04 

O4 

a: 

C£ 

QC 

a: 

csi 

oc 

a: 

n 

0 

CM 

n 

n 

*7 

n 

VO 

r~ 

GO 

<71 

CO 

0 

<7* 

r- 

vO 

m 

n 

pj 

<71 

co 

n 

<7 

CM 

O  M- 

r* 

p* 

cn 

CM 

CM 

CM 

CM 

CM 

CM 

m 

CM 

CM 

r> 

CM 

m 

cn 

m 

r~ 

CM 

VO 

n 

n  r** 

vO 

n 

•«r 

"tr 

CM 

*-* 

40 


X 
CL  Q 
J  © 


X 

o 


1111 


I  I  I 


OOO  o  O  O  O  o  ~ 

OOO  O  O  O  3  0  0 

ooo  r->  in  n  o  ■— <  fo  oo 

ooo  co  r-  r—  r-  r-  o  •«=r 

U">  /I  k/1  <T»  -O 

ooo  r-  co  >— <  coo^r  oo 

ooo  co  n  *r  r*co'?'  oo 

•  .  .  i  .  i  .  .  |  ...  |  • 

lT>  j~>  ld  ^  m  r-  ~r> 

ooo  r-  r~  ^*0*0  oo 

ooo  r-  o  «  r~  cm  o  (N 

.  .  .  i  .  i  .  .  i  ...  i  . 

iT>  in  fN  'vO  .n 

OOO  r-HOJ  CM  O  OO 

ooo  to  voo  r*njuo  o 

.  .  .  i  .  |  .  .  i  •  *  •  i  ■  . 

IT)  J">  U~)  O  CN  lD 

OOO  co  (M  <0  &)  *—<  CO  oo 

OOO  O  <T>  OOkTl  OO 

.  I  .  I  *  •  I  •  •  •  I  • 

u~>  in  <t  m  cm  ld 

OOO  CM  (O  <T>  CTi  O  cTl  OO 

ooo  cm  cmo>  co  o  r~  o 

.  .  .  J  .  I  •  •  I  ...  I  .  . 

■*T  LO  *7  (N  (N  V  *T 


Z) 

o 


o 

CO 


o 


ooo 

CM  CO  CM 


vx>  O  CO  o  o 


O  O  O  o  o 
d")  U">  lT)  CO  o 


r-u-jo-jmcnocMCM 
CM  CM  CM  CM  CM  CM  *"H  CM 


oocnr*incooocoo 


co  cm  r*  ri 


V©  ©  O  *W  CM 


r~  cn  CM  CM  n 


CM  00  CO  r-H 

f~*  |  cm  h  n 


a 

< 

H 


X 

CO 

<y\ 


O  wj 

a 

< 


oooooooooooooooooooooooooo 
oooocMor‘r-r^cnro^TOOOO'Or-.cMir><a,cooovo^ 
wn^)^o^^ocomoor~r^r^'oroincor-«'*iT«oocn<7>ma»co^r 
ao«r  iT)  \  moanwn^-».-HLnvocM'Tr^<Ticj\^r'^-4rH^rtr)C7v^ 
—  —  l  —  cm  t 


I 


0) 

-o 


o 


297  S-(S)/2  3010.  23.40 

333  SO- ( C ) - ( C/B )  -  -3.00 

303  SO- (C) /2  14410.  18.10 

304  SO- ( C/B  > / 2  -1  2000.  -23.30 

328  SO- ( N ) / 2  3 1 b 6 0  . 


APPENDIX  1 


GROUP  ADDITIVITY  PROGRAMME 
Version  2.2 

P.J. Sanders  and  R.K. Solly. 

Materials  Research  Laboratories,  Manbyrnong 
Victoria,  AUSTRALIA 
P.o.  Box  SO,  Ascot  vale,  3032 


Extracts  group  thermodynamic  data  from  a  data  base  and  compiles 
corresponding  data  for  gas  phase  compounds  by  the  method  of  Benson  et.  a.. 
Reference:-  Chem.  Rev.;  vol.  69  Part  3,  pp  279-324.  June  1969. 


If  you  wish  output  data  to  be  appended  to  a  disk 
file,  type  in  the  name  of  the  that  file. 

A  blank  name  causes  this  operation  to  be  bypassed. 

--  7  mydata.txt 

The  output  data  can  be  incorporated  into  a  command  file 
for  input  to  the  CSIRO/NPL  "THERMODATA"  program  "FILER". 

To  use  this  option,  type  in  a  name  for  a  "FILER"  command  file. 

A  blank  name  causes  this  operation  to  be  bypassed. 

--  7  myfiler.fll 

"FILER"  requires  a  unique  formula  and  name  for  the  data  base 
as  part  of  its  input. 

What  is  the  formula  to  be  for  this  compound?  (EG.  C8H9  (g)) 

A  blank  field  stops  the  program. 

—  7  C5hl2  (g) 

What  is  the  name  of  the  compound.  (48  CHARS  max.) 

###############*#########*#####*#*##*################ 

--  7  2-methylbutane  (g) 

Overall  symmetry  Number  for  the  molecule. 

—  7  27 

Number  of  optical  Isomers  for  the  molecule. 

—  7  l 

Input  the  group  sequence  number  followed  on  the  same  line  by 
a  comma  then  how  many  of  that  group  type  are  required 


Al-i 


r. y  •  :~e  t  r.e  ,ser  may  scroll  '•  3  )  ackwards  or  (  F)  orwards 
„  g  r  roe  rata  and  . Jielete  or  overtype  lines  as  desired, 
ark  field  terminates  input,  after  which 
r tr.er  option  to  correct  errors  is  presented. 

7we  required  input  format  is:- 

'•  cqrcup  sequence  number >,  chow  many  required> 

"  6,1 
"  5,1 
1  1,3 
1  485,1 


Are  you  (S)atisfied  with  the  above  or  do  you  wish  to 
perform  some  corrections'1  --  answer  S  or  a  line  number 

--  ">  s 

2-methyibutane  !g)  Formula  =  C5H12  <  G ) 

Symmetry  -  27. o,  Isomers  =  1.0,  Entropy  Contribution  =*  -6.55 


dHf  ' 2  98K ) 

ds  ! 2  98K )  Cp3  0  0  Cp400 

cpsoo 

Cp6  0  0 

cpaoo 

CplOOO 

CplSC 

ca 1/mol 

cai/mol/K  - 

— 

-cal/mol/K - 

Required  of  Seq 

1 

C- ( C ) - ( H ) / 3 

-10080.0 

30.41 

6.19  7  . 8  4 

9.40 

10.79 

13.02 

14.77 

1  "  .  5  3 

Required  of  Seq 

5 

C-( C ) / 2- ( H ) / 2 

—  495  0  .  5 

9.42 

5.50  6.95 

8.25 

9.35 

11.07 

12.34 

14.25 

Required  of  Seq 

6 

C-(C)/3-(H) 

-1900.0 

-12.0? 

4.54  6.00 

?  .  1  7 

8.05 

9.31 

10.05 

U  *  •  . 

Requ i red  of  Seq 

.  485 

Alkane  Gauche 

Correction 

800.0  .00 


Press  <ENTER>  to  continue  -- 

it*#***##*###*#*###*##################*#*################ 

TOTALS  --  2-methylbutane  (g) 


Hf  ( 2  98K ) 
cal/mol 

S  (  298K) 
cal/mol/K 

Cp3  0  0 

Cp4  0  0 

Cp5  0  0 

Cp6  0  0 

cpsoo  CplOOO 
-cal/mol/K 

Cp  1  5  0  0 

-36290.0 

82  .  03 

28.61 

36.47 

43.62 

49.77 

59.44 

66.70 

7  8.16 

* 

* 

* 

★ 

★ 

★ 

* 

dhf  (289K) 
j/mol 

S  (298K) 
J/mol/K 

Cp3  0  0 

Cp4  0  0 

Cp5  0  0 

Cp6  0  0 

Cp8  0  0 
-J/mol/K 

CplOOO 

Cpl  5  0  0 

-151837.4 

3  43.22 

119.70 

152.59 

182.51 

208.24 

248.70 

279.07 

327.02 

List  file  -  mydata.txt 

'■FILER-  batch  file  -  myfiler.fil 

What  do  you  wish  do  do  next  with  this  data? 

(A)ppend  the  totals  to  the  current  output  files,  go  back  and 
(R)e-enter  all  data;  just  (E)dlt  sequence  numbers  or 
(D)iscard  this  molecule.  Answer  A,  R,  E,  or  D  —  a 

Creating  a  new  "FILER"  command  file.  "FILER"  requires  an  access 
code  (usually  the  surname  of  a  user)  and  the  name  of  a  "THERMODATA" 
data  base,  what  will  your  access  code  be?  —  myname 


Al-2 


"hat  is 


—e  name  c f  the  ^THERMODATA"  data  base 

cpdben 


3 reap  Add 

' ;  n  t i  n  u  e 
3  t  o  p  -  ?  r 


► 


itivity  data  has  been  appended  to  files 

using  the  same  output  filenames  or  quit’  (Y/N/Q)  _ 

egram  terminated. 


Al-3 


T" 


APPENDIX  2 


GROUP  ADDITIVITY  PROGRAMME 
Version  2.2 

P.J.  Sanders  and  R.K.  Solly 
Materials  Research  Laboratories,  Maribyrnong 
Victoria,  AUSTRALIA 
P.O.  Box  50,  Ascot  vale,  3032 


Extracts  group  thermodynamic  data  from  a  data  base  and  compiles  correspon 
,  data  for  gas  phase  compounds  by  the  method  of  Benson  et.  al.  Reference:- 

Rev.;  Vo 1 .  69  Part  3,  pp  279-324.  June  1969. 

If  you  wish  output  data  to  be  appended  to  a  disk 
file,  type  in  the  name  of  the  that  file. 

A  blank  name  causes  this  operation  be  bypassed. 

--  1  mydata.txt 

The  output  data  can  be  incorporated  Into  a  command  file 
for  input  to  the  CSIRO/NPL  "THERMODATA"  program  "FILER”. 

To  use  this  option,  type  in  a  name  for  a  "FILER"  command  file. 

A  blank  name  causes  thi  operation  be  bypassed. 

—  ?  myfiler.inp 

"FILER"  requires  a  unique  formula  and  name  for  the  data  base 
■  as  part  of  its  input. 

I 

What  is  the  formula  to  be  for  this  compound?  (EG.  C8H9  (G)) 

A  blank  field  stops  the  program 

—  1  cl lh22  (g) 

what  is  the  name  of  the  compound.  (48  CHARS  max.) 

it##**#***#**#***#****##* 

—  ?  (n-hexylcyclopentane) 

overall  Symmetry  Number  for  the  molecule. 

—  ?  3 

Number  of  optical  Isomers  for  the  molecule. 

1  -  7  1 

Input  the  group  sequence  number  followed  on  the  same  line  by  a  comma  then  how 
[  many  of  that  group  type  are  required. 

s  At  any  time  the  user  amy  scroll  (B)ackwards  or  (F)orwards 

through  the  data  and  (D)elete  or  overtype  lines  as  desired. 

A  blank  field  terminates  input,  after  which 
a  further  option  to  correct  errors  is  presented. 


A2-1 


o  u. 


: required  input,  format  is:- 

-  ’  <group  sequence  number > , chow  many  required> 

:  - ?  5,9 

:  -  1  6,1 

3  -  7  1,1 

-  - ?  45,1 

5  -  7 

Are  you  (s)atisfied  with  the  above  or  do  you  wish  to 
perform  some  corrections?  —  answer  S  or  a  line  number 
--  ?  s 


r-hexylcyclopentane  Formula  =  C11H22  (G) 

Symmetry  -  3.,  Isomers  =  1.,  Entropy  Contribution  -  -2.18 


dHf (  2  9 8K )  S ( 2 9 8K )  Cp300  Cp40Q 

cal/mol  cal/mol/K 

Cp5  0  0 

Cp6  0  0 

Cp8  0  0 
cal/mol/K 

CplOOO 

C  p  1  5  0  3 

1.  Required  of  Seq.  1 

C- ( C ) - ( H ) / 3 

-10080.0  30.41 

9.  Required  of  Seq.  5 

6.19  7.84 

C-(C)/2-(H)/2 

9.40 

10.79 

13.02 

14.77 

17.58 

-4950.0  9.42 

1.  Required  of  Seq.  6 

5.50  6.95 

C- ( C ) / 3- ( H ) 

8.25 

9.35 

11.07 

12.34 

14.25 

-1900.0  -12.07 

1.  Required  of  Seq.  45 

4.54  6.00  7.17 

Cyclopentane  Ring 

8.05 

9.31 

10.05 

11.1? 

6300.0  27.30 

Press  <ENTER>  to  continue 

-6.50  -5.50 

-4  .50 

-3  .  80 

-2.80 

-1  .  93 

-  .  37 

TOTALS  —  n-hexylcyclopentane 


dHf (  2  9  8K ) 
cal/mol 

S( 298K) 
cal/mol/K 

Cp300 

Cp4  0  0 

Cp5  00 

Cp6  0  0  Cp8  0  0  CplOOO 
cal/mol/K 

Cp 1500 

-50230  .  0 

128.24 

53 . 73 

70.89 

86 .32 

99.19 

119.16 

133.95 

156.63 

dHf ( 298K) 

S (  2  98K ) 

Cp3  0  0 

Cp4  0  0 

Cp5  0  0 

Cp6  0  0 

Cp8  0  0 

CplOOO 

Cp 1 5  C  0 

J/mol 

j/mol/K 

J/mol /K_ 

-210162 . 3 

536.54 

224.81 

296.60 

361.16 

415.01 

498.57 

560.45 

655.34 

List  file  -  mydata.txt 

"FILER"  batch  file  -  myfiler.inp 

What  do  you  wish  to  do  next  with  this  data? 

(A)append  the  totals  to  the  current  output  files,  go  bac)c  and 
(R)e-enter  all  data;  just  (E)dit  sequence  numbers  or 
(D)lscard  this  molecule.  Answer  A,  R,  E,  or  D  —  a 

Creating  a  new  "FILER"  command  file.  "FILER"  requires  an  access 
code  (usually  the  surname  of  a  user)  and  the  name  of  a  "THERMODATA" 
data  base,  what  will  your  access  code  be?  —  myname 

what  is  the  name  of  the  "THERMODATA"  data  base 

-  ?  cpdben 


A2-2 


3rtup  .aiditiv iv/  data  h.as  beer,  appended  bo  files 

Continue  using  tde  same  output  filenames  or  quit1 
Stop  -  Program  terminated. 


A2-3 


T 


(Y/N/Q)  —  q 


:  lass  : ;  :  -  a?  :  :  s  :?  ?aje  UNCLASSIFIED 


O  O  •:  L‘  M  E  N  T  CONTROL 

DATA  SHEET 

A  L  -  r.  -  1  'cc 

AR  NO 

AR -  9  9  5-1 4  4 
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